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by potentiometric titration (Bradshaw et al, 1981)? recently
Keeling (1983) has presented ocean CO2 data based on gas extraction
and manometric measurement accurate to +0.5 ymol/kg. The current
rate of increase of the total C02 concentration in ocean surface
waters is calculated to be approximately 1 ymol/kg/yr. Plainly such
an increase would be observable from time series measurements made
today within the space of a few years.

The most sensitive measurement is pC02, which may be determined to
within a few tenths of a part per million. By pC02 we mean the
pressure of C02 gas that would be found in a small volume of air that
had been allowed to reach gaseous equilibrium with a large volume of
seawater. Surface seawater strives to maintain a pC02 globally in
equilibrium with the atmosphere, lagging behind by some small value due
to the finite time required for gas exchange to take place. There is a
large natural variability in ocean surface pC02 (Keeling 1968? Miyake
et al., 1974? Takahashi, 1979) as shown in Figure 3.4.

The data shown in Figure 3.4 are in fact the deviations of ocean
surface pCO2 from equilibrium with the atmosphere. It is not a
synoptic data set but an ensemble of results from many expeditions,
quasi-normalized in time and containing considerable seasonal noise.
The essential features are strongly negative values at high latitudes,
where rapid cooling and biological activity have markedly lowered
pC02, and high values at the equator, where upwelling of CO2-rich
water and warming have raised pCO2. Gaseous exchange of C02 is
sufficiently slow that equilibrium with the atmosphere is not achieved
locally, and these patterns persist. Negative values imply invasion of
C02 from the atmosphere to the ocean? positive values indicate
evasion of C02 from the ocean to the air.

This distribution results in a net flux of C02 between the equa-
torial and polar oceans (Bolin and Keeling, 1963). Pearman et al.
(1983) have recently calculated that the net release of C02 by the
equatorial oceans is currently about 1.3 Gt of C/yr? the net uptake by
the high-latitude oceans is about 4.4 Gt of C/yr. The presence of
fossil fuel CO2 has enhanced the polar uptake and suppressed the
equatorial source.

There is now evidence for a systematic change in ocean surface pC02
with time. Takahashi et al. (1983) have compiled their measurements of
pC02 in Sargasso Sea surface waters from the IGY (1957), GEOSECS
(1972), and TTO (1981) expeditions. The results are shown in Figure
3.5, together with the atmospheric trend.  It is clear that ocean
pC02 is rising? however, the interpretation of this signal requires
caution. The problem is not with the precision of measurement but with
compensating for the natural noise due to fluctuating ocean surface
conditions. The atmospheric and oceanic lines are not parallel in
Figure 3.5, and some explanation of this is needed. The Sargasso Sea
exhibits low surface pCO2 with respect to the atmosphere (Figure
3.4). This arises from the marked negative heat flux observed there
(Bunker and Worthington, 1976), so that surface seawater is cooled
during its residence time in the Sargasso Sea. The slope of the
oceanic line in Figure 3.5 thus represents not only the anthropogenic